The piscicidal activity of the diethyl ether extract of Euphorbia royleana stem bark has been well established, but its ultimate mode of action and short, as well as long-term, biochemical effects are not yet known. Exposure of fish for either 24 or 96 hours to sub-lethal doses (40% and 80% of LC 50 ) of the diethyl ether extract of the stem bark, significantly (P<0.05) altered total protein, total free amino acids, nucleic acids, glycogen, pyruvate, and lactate levels, as well as protease, aminotransferase, phosphatases and cytochrome oxidase enzyme activity in liver and muscle tissue of the freshwater fish Channa punctatus. These alterations were significantly (P<0.05) time and dose dependent. Thus, the diethyl ether extract of E. royleana stem bark shifts the aerobic pathway of fish respiration towards the anaerobic segment and also suppresses ATP production. This toxic effect was reversible, and seven days after withdrawal, all biochemical parameters were back to normal. These results support the view that the diethyl ether extract of E. royleana stem bark can be used for controlling unwanted populations of the predatory fish C. punctatus from aquaculture ponds.
Values are mean ± SE of six replicates. Values in parentheses are % change with control taken as 100%. Data were analyzed through student's t test. a Significant (P < 0.05), when treated groups were compared with controls. Protein, amino acids, DNA, RNA, pyruvate and lactate are expressed in µg/mg, while glycogen, protease, alanine (ALAT)/aspartate (AAT) aminotransferase, acid (AC)/alkaline (AK) phosphatase and acetylcholinesterase (AChE) are expressed in mg /g, μ moles tyrosine/mg protein/h, μ moles pyruvate/mg protein/h, ρ-nitro phenol/30 min/mg protein and µ mol 'SH'/min/mg protein, respectively.
During chronic periods of stress, proteins act as a source of energy. Under stress conditions, fish need more energy to detoxify the toxicants and to overcome stress and for this they try to minimize the adverse effect of DES. Since fish have only a very little amount of carbohydrates, the next alternative source of energy to meet the increased energy demand is protein. The depletion of the protein fraction in liver and muscle tissues may have been due to their degradation and possible utilization of the degraded products for metabolic purposes. The increment in the level of free amino acids was the result of breakdown of protein for energy requirement and impaired incorporation of the amino acids in protein synthesis [7] . The decreases in total protein level and increases in total free amino acid level in the liver and muscle tissue suggest the high protein hydrolytic activity due to elevation of the protease enzyme in both the tissues. Inhibition of DNA synthesis thus might affect both protein as well as amino acid levels by decreasing the level of RNA in the protein synthesis machinery. Data attained in the present investigation made it clear that DES is a potent inhibitor of DNA synthesis, which resulted in reduction of the RNA level.
Carbohydrates are the primary and immediate source of energy. In stress conditions, carbohydrate reserves are depleted to meet energy demand. Depletion of glycogen may be due to direct utilization for energy generation, a demand caused by hypoxia. Pesticides also inhibit energy production by suppressing aerobic oxidation of carbohydrate, leading to an energy crisis in the animals [8] . Since DES is an inhibitor of acetylcholinesterase [6] , glycogenolysis seems to be the result of increased secretion of catecholamine due to stress [9] . Carbohydrate metabolism is broadly divided into an anaerobic segment or glycolysis, in which breakdown of either glucose or glycogen occurs through the EmbdenMeyerhof pathway, and an aerobic segment, that consists of oxidation of pyruvate to acetyl co-A, to be utilized through the citric acid cycle [10] . The end product of glycolysis under anaerobic conditions in tissues is lactic acid, where as pyruvate level in the tissues can be taken as a measure of the aerobic condition of the tissue, depending on the availability of molecular oxygen. The level of tissue lactate acts as an index of anaerobiosis, which might be beneficial for animals to tolerate hypoxic conditions [11] under pesticide exposure conditions.
Under stress conditions, with the increase of lactate, there was a decrease in the pyruvate content in all the tissues. The decrease in liver and muscle pyruvate levels and the increase in lactate content suggest a shift towards anaerobiosis as a consequence of hypoxia [12] . The increase in tissue lactate content may be due to its involvement in osmoregulation. Under stress conditions, there is a decrease in osmolarity of the internal body media of the animal by loss of mono as well as divalent cations, which is compensated for by the increase of organic ions, like lactate and amino acids [13] . The decrease in the pyruvate level may be due to either its conversion to lactate or due to its mobilization to form amino acids, lipids, triglycerides and glycogen, in addition to its role as a detoxification factor [12] .
Both ALAT and AAT function as a link between carbohydrate and protein metabolism by catalyzing the inter-conversion of strategic compounds like α-ketoglutarate and alanine to pyruvic acid and glutamic acid, respectively [14] . In the present study, we found that the activity of both aminotransferases was higher in liver than muscle tissue of the control fish (Table 1 and 2 ). This suggests that liver tissue is more efficient in utilizing amino acids for metabolic purposes.
Under exposure to DES, the activity of both the enzymes ALAT and AAT were highly elevated in both the liver and muscle tissue, which confirms the augmentation of stress as a consequence of the extract, since stress, in general, is known to elevate aminotransferase activities [15] . Such a situation took place in the present study. To complete the energy demand during the stress condition, carbohydrate and its precursors are increased to maintain carbohydrate metabolism at sustained levels. It is likely that this stress might be the result of augmentation of energy demand during the toxicity period where the depletion in energy resources is high. Since the amino acid level also increased (Table 2 and 3), it is evident that both ALAT and AAT activities are being stepped up in line with the increasing energy demands. Both in liver and muscle tissues, ALAT predominated over AAT, where the feeding of amino acids into the energy cycle is more through the alanine-pyruvate pathway, representing an anaerobic tendency of the tissues.
Vorbrodt [16] has reported that phosphatase is an important enzyme of animal metabolism, which plays an important role in the transport of metabolites across the membranes. Since DES in the present study has anti-phosphatase activity, the reduction in the protein level may be due to the inhibition of acid and alkaline phosphatase activity, as it plays an important role in protein synthesis [17] .
Cytochrome oxidase transfers electrons to the final acceptor, oxygen. Thus, being a terminal link in the electron transfer system (ETS), it produces ATP molecules, thereby influencing other cellular metabolic processes [10] . Inhibition of cytochrome oxidase supports the theory that DES has a profound impact on the oxidative metabolism, possibly due to its influence on the respiratory process, like ETS. Decrease in cytochrome oxidase activity might be either the result of reduced availability of O 2 , which in turn has reduced the capacity of ETS to produce ATP molecules, or should be due to the direct impact of toxicant [12] . Stevans et al. [18] reported that antiacetylcholinesterase compounds are known to inhibit mitochondrial reactions, such as the function of cytochrome oxidase in ETS. Because DES also has anti-acetylcholinesterase activity [6] , it may affect the Kreb's cycle, thereby diminishing the rate of ETS and oxidative phosphorylation, resulting in less synthesis of ATP.
It may be stated that DES, at sub-lethal doses, shifts the aerobic pathway of respiration towards the anaerobic segment for the fish C. punctatus and thus suppresses ATP production. Reversibility in the toxic action of DES was an advantageous factor in its use as a piscicide.
Experimental
Collection of experimental animals: Channa punctatus (Bloch) (15.7 ± 1.35 cm total length; 16.0 ± 2.0 g total body weight) was collected locally from Ramgarh Lake in the Gorakhpur district. The collected fish were stored in glass aquaria containing 100 L of de-chlorinated tap water. Prior to the experiment, the fish were allowed to acclimatize to laboratory conditions for one week. The aquarium water was aerated continuously and food was provided in the form of dried, powdered small prawns and goat liver. Water was changed after every 24 h. Preparation of stem bark extract: The stem bark of E. royleana was dried in an incubator at 37°C. With the help of a mechanical device, the dried stem bark was powdered and 5.0 g was extracted in a Soxhlet apparatus using 200 mL of diethyl ether for about 70 h to obtain a concentrated solution. The solvent was recovered using a vacuum pump to obtain the dry extract (0.34 g). Dried extract was thoroughly washed with diethyl ether and than passed through a Whatman filter paper (No.1) and the filtrate was dried using a vacuum pump. This process was repeated three times and the extract was re-crystallized from diethyl ether; this material was used for the biochemical experiments.
Dose-response relationship:
The LC 50 value of the diethyl ether extract of E. royleana stem bark (DES) was 81.77 mg/L for 24 h and 31.76 mg/L for 96 h against C. punctatus [6] . The acclimatized fish were treated with 40% and 80% of the 24 h and 96 h LC 50 of dried DES for either 24 h or 96 h exposure periods. Six aquaria were set up for each dose and each aquarium contained ten fish in 6 L de-chlorinated tap water. Either 40% of 24 h or 80% of 96 h LC 50 of DES were selected as sub-lethal doses in the present study to analyze the time and dose-dependent effects and at that dose, no mortality was observed in the treated animals and measurable changes were found to have occurred in biochemical parameters of the fish. The experimental conditions of the water (temperature 27.5 ± 1.0°C; pH 7.2 ± 0.3; dissolved oxygen 7.5 ± 0.5 mg/L; free carbon dioxide 5.5 ± 0.5 mg/L; alkalinity 104 ± 4.5 mg CaCO 3 /L) were measured by the method of APHA et al. [19] . After termination of the treatment, the test animals were removed from the aquaria, washed with water, killed, and liver and muscle tissues were quickly dissected out, freed from adipose and connective tissues, frozen in liquid nitrogen and stored at -70°C. These tissues were used for biochemical analysis. Control animals were held under the same conditions without any treatment. Each experiment was replicated six times and the values are expressed as mean ± SE of six replicates. Student's 't' test was applied to locate significant changes [20] .
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